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1
SYRINGE ASSEMBLY

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-

cation No. PCT/JP2013/068329 filed on Jul. 4, 2013, the
entire content ol which 1s incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a syringe assembly.

BACKGROUND DISCUSSION

A known method mvolves mixing two or more kinds of
liquids together which are jetted to a target area to form an
anti-adhesion material or a biological tissue adhesive
applied to the target area. Applicators have been developed
to employ this method to mix and jet components which
solidily when mixed together, such as a solution containing
thrombin and a solution containing fibrinogen. In such
applicators, 1n order for the components to be applied to a
target area while being mixed, the components are fed to a
position 1n the vicinity of the target area in a separated state
from each other.

One example of such an applicator 1s disclosed 1n Japa-
nese Patent Laid-Open No. 2009-131590, and includes two
syringes and a nozzle for mixing liquds supplied from the
syringes and jetting the mixed liquid. In thus applicator, each
of the syringes includes a syringe outer cylinder having a
mouth portion at a distal portion thereof, a gasket inserted in
the syringe outer cylinder, and a pusher for moving the
gasket. Spaces which are each surrounded by the syringe
outer cylinder and the gasket are filled with individually
different kinds of liquids. The pushers are connected to each
other, and the pushers are collectively pushed by a pushing
operation, whereby the gaskets are moved and the liquids are
individually ejected from the mouth portions. The nozzle 1s
connected to a gas supplying source which supplies sterile
gas. The liquids ejected from the mouth portions are mixed
together with the sterile gas, to be jetted together with the
sterile gas.

There are many instances where the force required for
moving the gaskets when discharging the liquids are differ-
ent from each other. For example, the filled liquds may
differ from each other in viscosity, or the syringe outer
cylinders may differ from each other in inside diameter.
Where there 1s a difference 1n magnitude between the forces
required for moving the gaskets, the pusher of the syringe
having the gasket which requires a smaller force for move-
ment thereof 1s pushed preferentially. As a result, 1n each of
the syringes, the pusher or the like will operate less smoothly
during a pushing operation, making the pushing operation
difficult to carry out. Furthermore, the resulting shaky opera-
tion of the pushers will cause the movement of the gaskets
to become unsteady, possibly leading to nonuniform mixing,
of the liquids.

SUMMARY

A syringe assembly according to the present disclosure
can help prevent a pusher assembly from wobbling or being
rickety during a pushing operation and can help stabilize the
discharge of the liquid.

(1) An embodiment of a syringe assembly includes: a first
syringe mcluding a first syringe outer cylinder which has a
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2

first mouth portion formed to project at a distal portion
thereof and 1s filled with a first liquid, and a first gasket
which 1s slidable within the first syringe outer cylinder and
discharges the first liquid through the first mouth portion by
a distal movement; a second syringe including a second
syringe outer cylinder which has a second mouth portion
formed to project at a distal portion thereof and 1s filled with
a second liquid, and a second gasket which 1s slidable within
the second syringe outer cylinder and discharges the second
liquid through the second mouth portion by a distal move-
ment; and a pusher assembly which performs a pushing
operation of collectively moving the first gasket and the
second gasket 1n a distal direction, wherein a force required
for moving the first gasket when discharging the first liquid
1s greater than a force required for moving the second gasket
when discharging the second liquid, and the pusher assem-
bly includes a first pusher having a rectilinear shape and a
distal portion connected to the first gasket, a second pusher
branching from the first pusher, extending distally, having a
distal portion connected to the second gasket, and an opera-
tion section provided on a proximal-side extension line of
the first pusher and configured to be operated when per-
forming the pushing operation.

(2) A further embodiment of a syringe assembly includes
the syringe assembly as described 1n the above paragraph
(1), wherein the second pusher branches from the first
pusher at a boundary between the first pusher and the
operation section.

(3) Further embodiments of a syringe assembly include
the syringe assembly as described in the above paragraph (1)
or (2), wherein the operation section 1s composed of a
plate-shaped tlange, which has a center on a center axis of
the first pusher.

(4) Further embodiments of a syringe assembly include
the syringe assembly as described 1n any one of the above
paragraphs (1) to (3), wherein the second pusher has a
curved portion where an intermediate portion in a longitu-
dinal direction thereof 1s curved or bent, and 1ts portion
distally of the curved portion is parallel to the first pusher.

(5) Further embodiments of a syringe assembly include
the syringe assembly as described in the above paragraph
(4), wherein the operation section 1s composed of a disk-
shaped flange, and a radius of the operation section 1s
smaller than a separated distance between the center axis of
the first pusher and a center axis of the portion of the second
pusher which 1s located distally of the curved portion.

(6) Further embodiments of a syringe assembly include
the syringe assembly as described in the above paragraph (4)
or (5), wherein the portion of the second pusher which 1s
located distally of the curved portion 1s contained in the
second syringe outer cylinder when the liquid discharge 1s
completed.

(7) Further embodiments of a syringe assembly include
the syringe assembly as described 1in any one of the above
paragraphs (1) to (6), wherein the first pusher 1s thicker than
the second pusher.

(8) Further embodiments of a syringe assembly include
the syringe assembly as described 1n any one of the above
paragraphs (1) to (7), wherein the first liquid has a higher
viscosity than the second liquid.

(9) Further embodiments of a syringe assembly include
the syringe assembly as described 1n any one of the above
paragraphs (1) to (8), wherein the first syringe outer cylinder
has a greater inside diameter than the second syringe outer
cylinder.

When a pushing operation 1s conducted, the gasket requir-
ing a greater pushing force for movement thereof when




US 10,449,295 B2

3

discharging liquid can be primarily pushed by the first
pusher. Further, the second pusher can be moved together
with the first pusher by the same distance as the first pusher,
so that the gasket requiring a smaller pushing force for
movement thereof when discharging liquid can be pushed in
a reliable manner. As a result, the pusher assembly can be
prevented from wobbling during a pushing operation, and
liquid can be discharged stably. In addition, where the center
of the operation section 1s located on the center axis of the
first pusher, the pushing force i1s transmitted effectively to

the pusher assembly, so that liquid can be discharged more
stably.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing a preferred embodi-
ment of a syringe assembly.

FIG. 2 15 a sectional view taken along line A-A of FIG. 1.
FIG. 3 1s a view (partially sectional view) depicting an
operating state of the syringe assembly shown 1n FIG. 1.
FIG. 4 1s a view (partially sectional view) depicting an
operating state of the syringe assembly shown in FIG. 1.
FIG. 5 1s a sectional view taken along line B-B of FIG. 1.

DETAILED DESCRIPTION

A syringe assembly according to the present disclosure
will be described 1n detail below on the basis of a preferred
embodiment 1llustrated 1n the accompanying drawings. Note
that 1n the following, for convenience of description, the
right side i FIGS. 2, 3, and 4 will be referred to as
“proximal (side),” the left side as “distal (side),” the upper
side as “upper (side),” and the lower side as “lower (side).”

As shown in FIG. 1, an applicator 1 1s for applying while
mixing two kinds of liquids (first liquid L1 and second liquid
[.2) diflering i liquid composition. The applicator 1
includes: a syringe assembly 2 including a first syringe 4A
filled with the first liquid L1, a second syringe 4B connected
juxtaposedly with the first syringe 4A and filled with the
second liquid L2, and a pusher assembly 10 which performs
an operation to discharge each of the liquids (hereinafter this
operation will be referred to as “pushing operation™); and a
nozzle 3 by which liqud ejected from the syringe assembly
2 1s gjected to an object of application. The nozzle 3 includes
a nozzle main body 32 having a tubular shape, and a nozzle
support section 31 which supports a proximal portion of the
nozzle main body 32 and to which the syringe assembly 2 1s
connected.

The applicator 1 1s configured to jet a mixture of the first
liquid L1 and the second liquid L2 (hereinafter referred to as
“mixture”) together with sterile gas G (heremafiter referred
to simply as “gas G7) (see FI1G. 2). By the gas G, the mixture
1s atomized (turned into a mist), whereby the mixture can be
uniformly applied to a desired area (target area). The gas G
1s supplied from a gas cartridge (gas supplying means) 9.
The gas cartridge 9 1s connected to the nozzle 3 through a
gas tube 93.

The gas cartridge 9 includes a cartridge main body 91
having an internal space 1n which the (compressed) gas G 1s
filled at a high pressure, and an on-ofl cock 92 for control-
ling the supply of the gas G to the nozzle 3 or the stop of the
supply. When applying the mixture, the cock 92 is used 1n
an open state. Note that the gas G may be, for example,
carbon dioxide.

As shown 1n FIG. 2, the nozzle support section 31 of the
nozzle 3 includes a casing which 1s roughly triangular in
external shape. The casing includes a first connection por-
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4

tion 311 A for liquid-tight connection to a mouth portion 43 A
of the first syringe 4A, and a second connection portion
311B for liquid-tight connection to a mouth portion 43B of
the second syringe 4B, and 1s formed with an opening
portion 313 1nto which the nozzle main body 32 1s inserted.

Since the first connection portion 311A and the second
connection portion 311B are configured in substantially the
same fashion, the first connection portion 311A will be
described on a representative basis.

As depicted 1n FIG. 2, the first connection portion 311A
1s a portion which 1s tubular in shape and provided at a
proximal portion of the nozzle support section 31 and nto
which the mouth portion 43A of a syringe outer cylinder
41A 1s inserted. In addition, the first connection portion
311A 1s provided with a hole 314 A piercing from an inner
periphery to an outer periphery thereof. A claw portion 431 A
of the mouth portion 43A 1s 1serted into the hole 314A,
whereby the first syringe 4A and the nozzle support section
31 are connected (fixed) to each other.

As shown 1n FIGS. 1 and 2, a projecting piece 316 having
a plate-like shape and projecting proximally 1s provided
between the first connection portion 311A and the second
connection portion 311B. An engaging claw 317 1s provided
at a proximal portion of the projecting piece 316, and 1is
inserted mnto an engaging hole 23 (described later) in the
syringe assembly 2, whereby the syringe assembly 2 and the
nozzle 3 are connected (fixed) to each other.

In addition, the opening portion 313 1s provided at a distal
portion of the nozzle support section 31, and a proximal
portion of the nozzle main body 32 1s mserted therein. In this
inserted state, the nozzle main body 32 1s fixed (supported)
by the nozzle support section 31, through an adhesive, for
example.

The nozzle support section 31 configured as above 1s
formed from a material selected from, for example, various
metallic materials or various resin materals.

As depicted 1n FIG. 2, the nozzle main body 32 1s tubular
in shape, and 1s provided at a distal portion thereof with a
nozzle head 36 enlarged in outside diameter. Further, the
nozzle main body 32 1s provided at the distal thereof with a
jet port 361, from which the mixture 1s jetted together with
the gas G.

In addition, the nozzle main body 32 1s provided therein
with a liquid channel 37 composed of a first channel 33
through which the first liquid L1 flows and a second channel
34 through which the second liquid L2 flows. Further, the
nozzle main body 32 is provided with a third channel 35
through which the gas G tlows.

The first channel 33 1s composed of a lumen of a first inner
tube 331 inserted 1n the nozzle main body 32 and the nozzle
support section 31. A proximal portion of the first inner tube
331 1s connected liquid-tight to the first connection portion
311 A of the nozzle support section 31, to communicate with
the mouth portion 43A of the first syringe 4A through the
first connection portion 311A.

The second channel 34 1s composed of a lumen of a
second 1nner tube 341 inserted 1n the nozzle main body 32
and the nozzle support section 31. A proximal portion of the
second mner tube 341 1s connected liquid-tight to the second
connection portion 311B of the nozzle support section 31, to
communicate with the mouth portion 43B of the second
syringe 4B through the second connection portion 311B.

The first channel 33 and the second channel 34 have their
distal portions approaching and joining each other. As a
result, the liquid channel 37 can be provided with a contlu-
ence portion 38 where the first liquid L1 and the second
liguid L2 come to tlow together.
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A distal portion 471 of a contluence portion side tube 39
1s fitted 1n a distal inner peripheral portion of the nozzle head
36. In addition, a proximal portion of the confluence portion
side tube 39 1s fitted to distal portions of the first inner tube
331 and the second inner tube 341, which constitute the first
channel 33 and the second channel 34, respectively. By this
configuration, the confluence portion side tube 39 is reliably
supported and fixed at both end portions thereof.

A pipe wall of the confluence portion side tube 39 1s
entirely composed of a gas-permeable membrane 391. The
gas-permeable membrane 391 1s permeable to the gas G
present in the nozzle main body 32. This permits the gas G
to flow 1nto the confluence portion side tube 39 (the con-
fluence portion 38) through the gas-permeable membrane
4'73. Theretfore, the gas G having thus flowed 1n 1s jetted
from the jet port 361 together with the first liquid L1 and the
second liquid L2 having mixed with each other in the
confluence portion 38 (see FIG. 2). Consequently, the mix-
ture 1s turned into a mist and 1s applied to a target area.

Since the pipe wall of the confluence portion side tube 39
1s entirely composed of the gas-permeable membrane 391 as
described above, the gas G can flow into the contluence
portion side tube 39 through the gas-permeable membrane
473 from any part 1n the circumierential direction of the
confluence portion side tube 39. As a result, the gas G can
be supplied into the confluence portion side tube 39 in the
proper quantity, and, accordingly, the mixture jetted from the
jet port 361 1s reliably turned into a mist. With the mixture
having been turned 1nto a mist, 1t 1s ensured that the mixture
becomes a uniform mixture of the first liquid L1 and the
second liquid L2, and 1s applied to a target area in a
tavorable state (umiformly mixed state). When the ejection
of the mixture 1s stopped, the gas G which has flowed 1n
through the gas-permeable membrane 473 reliably pushes
(blows) out the mixture in the confluence portion side tube
39 to the exterior. As a result, the mixture can be prevented
from remaining in the jet port 361, so that the jet port 361
(nozzle 3) can be prevented from being clogged. In addition,
leakage of residual liquid of the mixture (the first liquad L1
and the second liquid L2) from the jet port 361 can be
reliably prevented.

The gas-permeable membrane 391 i1s formed with a
multiplicity of pores (not depicted). Each of the pores
pierces the gas-permeable membrane 391 1n the thickness
direction. The average pore diameter of these pores 1s set to
be 0.01 um to 0.45 um, whereby 1t 1s ensured that the gas G
can permeate the gas-permeable membrane 391 reliably and,
at the same time, the gas-permeable membrane 391 1is
impermeable to bacteria. With the gas-permeable membrane
391 thus impermeable to bacteria, even 1 the gas G 1n the
gas cartridge 9 1s not 1n a sterile state, bacteria contained 1n
the gas G are removed by the gas-permeable membrane 391,
so that the bacteria are reliably prevented from tlowing into
the nozzle 3. Consequently, the mixture 1n a sterile state can
be applied to a target area.

The membrane thickness (wall thickness) of the gas-
permeable membrane 391 1s not particularly limited, and 1s,
for example, preferably 0.1 mm to 1 mm, more preferably
0.3 mm to 0.8 mm.

The surface area (area of the outer peripheral surface) of
the gas-permeable membrane 391 is preferably 20 mm~ to
200 mm~, more preferably 40 mm~ to 100 mm”~.

The gas-permeable membrane 391 1s impermeable (water
repellent) to the first liquid L1 and the second liquid L2, 1.¢.,
hydrophobic. For this reason, the first liqmud L1 and the
second liquid L2 1n the confluence portion side tube 39 are
reliably prevented from tlowing back (flowing in) into the
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third channel 46 (confluence portion side tube 39) through
the gas-permeable membrane 391. The gas-permeable mem-
brane 391 can be formed from a hydrophobic material, or,
alternatively, can have a surface thereolf treated to be hydro-
phobic. The matenial (constituent material) which 1s hydro-
phobic may be, for example, polytetrafluoroethylene
(PTFE).

The third channel 35 through which the gas G flows 1s
composed of a gap defined between the first inner tube 331
(constituting the first channel 33) as well as the second 1nner
tube 341 (constituting the second channel 34) and the nozzle
main body 32 located on the outer periphery side of the inner
tubes 331 and 341. A proximal portion of the nozzle main
body 32 1s connected to the atorementioned gas tube 93.

Thus, the nozzle 3 has a double pipe structure comprising,
the first mner tube 331 and the second inner tube 341
together with the nozzle main body 32. As a result, the first
inner tube 331 and the second 1nner tube 341 are 1n a parallel
positional relationship with the nozzle main body 32, so that
the tubes can be favorably used as channels. Examples of the
constituent materials for the tubes include various flexible or
rigid resins such as polyvinyl chloride, polyethylene, poly-
propylene, etc., various rubber materials such as silicone
rubber, etc., and various thermoplastic elastomers such as
those based on polyurethane or the like.

The first syringe 4A and the second syringe 4B of the
syringe assembly 2 are substantially the same in configura-
tion, except for a difference 1n maximum internal volume
(inside diameter). Therefore, the first syringe 4A will be
described below on a representative basis. Note that the first
syringe 4A 1s greater than the second syringe 4B 1n maxi-
mum internal volume (inside diameter).

As shown i FIGS. 1, 3, and 4, the first syringe 4A
includes a syringe outer cylinder 41 A which 1s a first syringe
outer cylinder, and a gasket 42A which 1s a first gasket.

The syringe outer cylinder 41A 1s in the form of a
bottomed cylinder. The mouth portion 43 A, which 1s a first
mouth portion reduced in diameter as compared with a
barrel portion of the syringe outer cylinder 41A, 1s formed
to be 1integral with and to project from a bottom portion 44 A
of the syringe outer cylinder 41A. The mouth portion 43A
has a cylindrical shape and 1s provided with a claw portion
431A at an outer peripheral portion therecof. The claw
portion 431A 1s inserted into the hole 314A in the first
connection portion 311A, whereby the syringe assembly 2
and the nozzle 3 are fixed.

At an outer circumierence of an intermediate portion of
the syringe outer cylinder 41 A 1n the longitudinal direction,
a tlange 21 1s integrally formed to project therefrom. The
flange 21 1s provided to range also to the outer periphery of
a proximal end of the syringe outer cylinder 41B of the
second syringe 4B, so that the first syringe 4A and the
second syringe 4B are connected to each other 1n a juxta-
posed relationship.

As shown 1 FIGS. 3 and 4, the syringe outer cylinders
41A and 41B are interconnected also by a plate piece 22 at
outer peripheral portions of distal ends thereof. The plate
piece 22 1s provided with an engaging hole 23 piercing
therethrough 1n the thickness direction. An engaging claw
317 of the nozzle 3 1s mserted 1n the engaging hole 23,
whereby the syringe assembly 2 and the nozzle 3 are fixed.

As the material constituting the syringe outer cylinders
41A and 41B, a resin such as polypropylene, cyclic poly-
olefin, polyesters, etc. 1s preferably used because of easy
moldability and low water vapor permeability thereof. Note
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that the constituent material of each outer cylinder 41 A and
41B 1s preferably substantially transparent, for ensuring
visibility of the nside.

The gasket 42A formed from an elastic material 1s accom-
modated 1n the syringe outer cylinder 41A. The gasket 42A
1s formed at 1ts outer peripheral portion with a plurality (e.g.,
two 1n the present embodiment) of ring-shaped projections
along the whole circumierence. These projections make
close contact with and slide on the inner peripheral surface
of the outer cylinder 41A, whereby liquid-tightness can be
maintained more reliably and enhanced sliding properties
can be realized.

As shown 1n FIGS. 3 and 4, the gasket 42A 1s formed with
a hollow portion 421 A opening in a proximal side thereof.
In the hollow portion 421A 1s fitted a head portion 63A of a
first pusher 6 of the pusher assembly 10 described later.

The constituent material of the gasket 42A, as well as
gasket 42B discussed in detail below, 1s not specifically
restricted. Examples of the material include elastic materials
such as various rubber materials such as 1soprene rubber,
butadiene rubber, silicone rubber, etc., various thermoplastic
clastomers based on polyurethane, polyester or the like, and
theirr mixtures.

Like the first syringe 4A, the second syringe 4B includes
a syringe outer cylinder 41B which 1s a second syringe outer
cylinder and a gasket 42B which 1s a second gasket. With the
gasket 428B moved distally, the second liquid L2 can be
discharged from a mouth portion 43B of the syringe outer
cylinder 41B which 1s a second mouth portion. Furthermore,
the mouth portion 43B 1s formed to be integral with and to
project from a bottom portion 44B of the syringe outer
cylinder 41B. The mouth portion 43B has a cylindrical shape
and 1s provided with a claw portion 431B at an outer
peripheral portion thereof. The claw portion 431B 1s mserted
into the hole 314B 1n the second connection portion 311B,
whereby the syringe assembly 2 and the nozzle 3 are fixed.

Before being connected to the nozzle 3, the first syringe
4 A 15 filled with the first liquid L1 1n 1ts space (liquid storage
space) surrounded by the syringe outer cylinder 41 A and the
gasket 42A.

Like the first syringe 4A, the second syringe 4B 1s, before
being connected to the nozzle 3, also filled with the second
liguad L2 1n 1ts space (liquid storage space) surrounded by
the syringe outer cylinder 41B and the gasket 42B.

The first liquad L1 and the second liquid L2 are suitably
selected according to an application of the applicator 1, its
intended use, a patient or the like. For example, for use 1n
administration of a biological tissue adhesive, one of the first
liguid L1 and the second liquid L2 may be a liquid (solution
or the like) containing thrombin, while the other may be a
liquid (solution or the like) containing fibrinogen.

For use 1in administration of an anti-adhesion material,
one of the first liquid L1 and the second liquid L2 may be
a liquid (solution or the like) containing carboxymethyl
dextrin modified with a succinimidyl group, while the other
may be a liquid (solution or the like) containing disodium
hydrogen phosphate. The first liquid L1 and the second
liquid L2 may therefore difler from each other in viscosity.
In the present embodiment, the first liquid L1 1s higher than
the second liquid L2 1n viscosity.

The first liquad L1 and the second liquid L2 in such a
combination as this will gel (solidily) when mixed with each
other. Owing to this change, the material resulting from the
mixing of the first liquid L1 and the second liquid L2
(heremaftter referred to as “mixture’”) can reliably remain at
biological tissue (target area) to which 1t has been applied.
Furthermore, since the mixture can reliably remain 1n the
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target area, 1t can reliably function as a biological tissue
adhesive or anti-adhesion material 1n the target area.

Note that the types and the combination of the first liquid
L1 and the second liquid L2 are naturally not limited to the
alorementioned ones.

In addition, the first syringe 4 A 1s greater than the second
syringe 4B 1n inside diameter. Further, the viscosity of the
first liquad L1 filled 1n the first syringe 4A 1s higher than the
viscosity of the second liquid L2 filled 1n the second syringe
4B. Meanwhile, the mouth portions 43A and 43B are the
same 1n size. For these reasons in combination, a pushing
force F1 required for moving the gasket 42A 1n the first
syringe 4A when discharging the first liquid L1 1s greater
than a pushing force F2 required for moving the gasket 42B
in the second syringe 4B when discharging the second liquid
L2.

As shown 1n FIG. 3, 1n the syringe assembly 2, a pushing
operation 1s conducted by pushing the pusher assembly 10
with a pushing force FO which 1s the sum of the pushing
force F1 and the pushing force F2, whereby the gaskets 42A
and 42B are collectively moved. As a result of this, the
syringe assembly 2 can discharge the first liquid L1 and the
second liquid L2.

As shown 1n FIGS. 1, 3, and 4, the pusher assembly 10
includes a first pusher 6 connected to the gasket 42A, a
second pusher 7 connected to the gasket 42B, and an
operation section 8 provided on a proximal-side extension
line of the first pusher 6. Now, each of these components will

be described.

As depicted 1mn FIGS. 1 and 3 to 5, the first pusher 6 has
a {irst pusher main body 61 which is rectilinear 1n form and
which has a cross-like cross-sectional shape.

As 1llustrated 1n FIGS. 3 and 4, the first pusher 6 1is
provided at an intermediate portion in the longitudinal
direction thereof with a flange 62 as a reinforcement for the
first pusher 6.

In addition, the first pusher main body 61 1s formed at a
distal portion thereof with the head portion (connection
portion) 63A which 1s mushroom-like in shape. The head
portion 63A 1s fitted in the hollow portion 421A of the gasket
42A of the first syringe 4A, whereby the gasket 42A of the
first syringe 4A and the first pusher 6 are connected to each
other.

Note that the method for connecting the first pusher 6 to
the gasket 42 of the first syringe 4A 1s not limited to the one
depicted 1n the drawings, and may for example be fixation
(such as adhesion, fusion, etc.) or screwing or the like.

The second pusher 7 branches from a proximal portion of
the first portion 6 and extends toward the distal side. The
second pusher 7 1s cross-like in cross-sectional shape, like
the first pusher 6, and has a curved portion 72 where an
intermediate portion in the longitudinal direction thereof 1s
curved. As a result, the second pusher 7 can be divided into
a rectilinear portion 73 which is the portion located distally
of the curved portion 72 and a slant portion 74 which 1s a
portion located proximally of the curved portion 72.

The slant portion 74 1s rectilinear in form and 1s provided
to be inclined with respect to the rectilinear portion 73 and
the first pusher main body 61. The angle 0 formed between
the rectilinear portion 73 and the first pusher main body 61
1s preferably an acute angle.

In addition, the slant portion 74 1s connected to a bound-
ary portion 64 between the first pusher main body 61 and the
operation section 8. In other words, the boundary portion 64
constitutes a branching portion between the first pusher 6
and the second pusher 7. As a result, 1t 1s possible to omut
that portion of the first pusher main body 61 which would be
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located proximally of the branching portion, 1n contrast to
the case where the branching portion 1s located at an
intermediate portion of the first pusher main body 61 in the
longitudinal direction. Therefore, the first pusher main body
61 can be made as short as possible. Consequently, minia-
turization of the pusher assembly 10 can be achieved.

The curved portion 72 1s a portion which 1s curved toward
the outer side. Since the angle 0 formed between the slant
portion 74 and the first pusher main body 61 1s an acute
angle, the curved portion 72 is located on the distal side as
compared with the operation section 8. It the curved portion
72 1s located at the same position as the operation section 8
or on the proximal side as compared to the operation section
8, then the user may perform a pushing operation by putting
a finger on the curved portion 72 by mistake. In the pusher
assembly 10, however, the operation section 8 1s located on
the distal-most side, which enables the user to push the
operation section 8 in a reliable manner.

Furthermore, the curved portion 72 ensures that even if
the user 1s about to perform a pushing operation on the
curved portion 72 by mistake, the user’s finger 1s not liable
to be put on the second pusher 7. Therefore, the second
pusher 7 can be so shaped that 1t 1s barely pushed from the
proximal side. Accordingly, the user can push the operation
section 8 more reliably, owing to the synergistic eflect with
the curved portion 72 being located on the distal side as
compared to the operation section 8, as alorementioned.

The rectilinear portion 73 1s provided 1n parallel to the
first pusher main body 61. As shown 1n FIGS. 3 to §, the
rectilinear portion 73 1s smaller than the first pusher main
body 61 1n thickness. In addition, the rectilinear portion 73
accounts for the majority of the second pusher 7. Further-
more, as depicted 1n FIG. 4, in a discharge completed state
in which the discharge of the second liqud L2 has been
completed, the rectilinear portion 73 accounting for the
majonty of the second pusher 7 1s accommodated in the
syringe outer cylinder 41B of the second syringe 4B.
Accordingly, minmiaturization of the syringe assembly 2 in
the discharge completed state can be realized.

Note that a distal portion of the rectilinear portion 73 1s
configured similarly to the first pusher main body 61, and the
gasket 42B of the second syringe 4B 1s connected thereto. In
particular, the rectilinear portion 73 1s formed at a distal
portion thereof with the head portion (connection portion)
63B which 1s mushroom-like 1n shape. The head portion 63B
1s fitted 1n the hollow portion 421B of the gasket 42B of the
second syringe 4B, whereby the gasket 42B of the second
syringe 4B and the second pusher 7 are connected to each
other.

As shown 1n FIGS. 1 and 3 to 5, the operation section 8
1S composed of a disk-shaped flange. The operation section
8 1s a section which 1s operated when performing a pus. Jlng
operation. As depicted 1n FIG. 3, when performing a pushing
operation, {irst, an index finger f , and a middle finger 1, are
put on the flange 21 connecting the syringe outer cylinders
41A and 41B, and a thumb {1, 1s put on the operation section
8 to thereby grasp the syringe assembly 2. Next, as shown
in FIG. 4, starting from the state of grasping the syringe
assembly 2, the thumb 1; 1s moved toward the index finger
f, and the middle finger 1, to thereby push the operation
section 8 toward the distal side. In this manner, the user can
perform a pushing operation.

In addition, as shown in FIGS. 3 to 5, the operation
section 8 has 1ts center S located on a center axis O1 of the
first pusher main body 61. For this reason, the power point
(the point where a force 1s exerted) of the pushing force FO
1s located on the center axis of the first pusher main body 61.
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Consequently, the pushing force F0 1s effectively transmitted
to the first pusher 6 and the second pusher 7.

Furthermore, a radius r of the operation section 8 1s
preferably smaller than a separated distance D1 between the
center axis O1 of the first pusher main body 61 and a center
axis O2 of the rectilinear portion 73, more preferably smaller
than a length D2 of one half the separated distance D1. With
the operation section 8 sized as just mentioned, the user can
be prevented from putting the thick of the user’s thumb 1, at
a position spaced from the center S of the operation section
8, namely, on an edge portion of the operation section 8.
Accordingly, the user can perform the pushing operation in
a state 1n which the power point of the pushing force FO is
located at the center S of the operation section 8 with
certainty.

Thus, 1n the pusher assembly 10, the operation section 8
1s provided on the proximal-side extension line of the first
pusher 6 connected to the gasket 42A, and, 1n addition, the
second pusher 7 1s provided to branch from the first pusher
6. For this reason, when the pushing operation 1s performed,
a pushing force F1 accounting for the majority of the
pushing force FO0 1s distributedly transmitted to the first
pusher 6, while a pushing force F2 smaller than the pushing
force F1 1s distributedly transmitted to the second pusher 7.
As a result, the gasket 42A 1s moved by the first pusher 6,
and the gasket 42B 1s moved by the second pusher 7.
Accordingly, the first liquid L1 and the second liquid L2 are
discharged.

From the foregoing, 1t 1s seen that the pushing force F0
exerted on the operation section 8 can be transmitted to the
first pusher 6 and the second pusher 7 1n a 1n which 1t 1s
distributed according to the ratio between the pushing force
F1 and the pushing force F2 required for moving each of the
gaskets 42A and 42B. Furthermore, a configuration 1is
adopted 1n which the gasket 42 A requiring a greater pushing
force for movement thereof 1s pushed predominantly. There-
fore, the gasket 42B requiring a smaller pushing force for
movement thereof 1s prevented from being primarily
pushed. As a result, wobbling of the pusher assembly 10 can
be prevented, and the user can perform the pushing opera-
tion stably. Further, with the pusher assembly 10 prevented
from being rickety, the moving distances of the gaskets 42A
and 42B are equal, resulting 1n the mixing ratio between the
liquids remaining constant.

Note that while the case of performing the pushing
operation of pushing the pusher assembly toward the distal
side has been described in the above embodiment, a similar
cllect to the aforementioned can be produced also 1n a
sucking operation of sucking liquids into the syringe outer
cylinders.

In addition, while the second pusher 1s composed of the
rectilinear portion, the slant portion, and the curved portion
in the above embodiment, a configuration may be adopted 1n
which the slant portion 1s omitted and the rectilinear portion
forms, on the proximal side thereof, a curved portion up to
the first pusher. Furthermore, while the curved portion has a
curved shape 1n the above embodiment, the curved portion
may have, for example, a bent shape including a steep bend.

The detailed description above describes a syringe assem-
bly. The mvention 1s not limited, however, to the precise
embodiments and variations described. Various changes,
modifications and equivalents can be eflected by one skilled
in the art without departing from the spirit and scope of the
invention as defined in the accompanying claims. It is
expressly itended that all such changes, modifications and
equivalents which fall within the scope of the claims are
embraced by the claims.
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What 1s claimed 1s:

1. A syringe assembly comprising:

a first syringe including a first syringe outer cylinder
which has a first mouth portion formed to project at a
distal portion thereof and 1s filled with a first liquid, and
a first gasket which 1s slidable within the first syringe
outer cylinder and discharges the first liquid through
the first mouth portion by a distal movement;

a second syringe including a second syringe outer cylin-
der which has a second mouth portion formed to project
at a distal portion thereof and 1s filled with a second
liquid, and a second gasket which 1s slidable within the
second syringe outer cylinder and discharges the sec-
ond liquid through the second mouth portion by a distal
movement; and

a pusher assembly which performs a pushing operation of
collectively moving the first gasket and the second
gasket 1 a distal direction,

wherein a force required for moving the first gasket when
discharging the first liquid 1s greater than a force
required for moving the second gasket when discharg-
ing the second liquid,

the pusher assembly includes a first pusher having a
rectilinear shape and a distal portion connected to the
first gasket, a second pusher branching from the first
pusher, extending distally, having a distal portion con-
nected to the second gasket, and an operation section
provided on a proximal-side extension line of the first
pusher and configured to be operated when performing
the pushing operation,

the operation section 1s composed of a plate-shaped
flange, which has a center on a center axis of the first
pusher, and

the second pusher has a curved portion where an inter-
mediate portion 1n a longitudinal direction thereof 1s
curved or bent, and a portion of the second pusher distal
of the curved portion parallel to the first pusher.

2. The syringe assembly according to claim 1, wherein a
radius of the operation section 1s smaller than a separated
distance between the center axis of the first pusher and a
center axis ol the portion of the second pusher which 1is
located distally of the curved portion.

3. The syringe assembly according to claim 2, wherein the
portion of the second pusher which 1s located distally of the
curved portion 1s contained in the second syringe outer
cylinder when the second liquid discharge 1s completed.

4. The syringe assembly according to claim 1, wherein the
portion of the second pusher which 1s located distally of the
curved portion 1s contained in the second syringe outer
cylinder when the second liqud discharge 1s completed.

5. The syringe assembly according to claim 1, wherein the
first pusher 1s thicker than the second pusher.

6. The syringe assembly according to claim 1, wherein the
first liquid has a higher viscosity than the second liquid.
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7. The syringe assembly according to claim 1, wherein the
first syringe outer cylinder has a greater inside diameter than
the second syringe outer cylinder.

8. A syringe assembly comprising:

a first syringe including a first syringe outer cylinder
which has a first mouth portion formed to project at a
distal portion thereof and 1s filled with a first liquid, and
a first gasket which 1s slidable within the first syringe
outer cylinder and discharges the first liquid through
the first mouth portion by a distal movement;

a second syringe mcluding a second syringe outer cylin-
der which has a second mouth portion formed to project
at a distal portion thereof and 1s filled with a second
liquid, and a second gasket which i1s slidable within the
second syringe outer cylinder and discharges the sec-
ond liquid through the second mouth portion by a distal
movement; and

a pusher assembly which performs a pushing operation of
collectively moving the first gasket and the second
gasket 1n a distal direction,

wherein a force required for moving the first gasket when
discharging the first liquid 1s greater than a force
required for moving the second gasket when discharg-
ing the second liquid, and

the pusher assembly includes a first pusher having a
rectilinear shape and a distal portion connected to the
first gasket, a second pusher branching from the first
pusher, extending distally, having a distal portion con-
nected to the second gasket, and an operation section
provided on a proximal-side extension line of the first
pusher and configured to be operated when performing
the pushing operation,

wherein the second pusher branches from the first pusher
at a boundary between the first pusher and the operation
section,

wherein the operation section 1s composed ol a plate-
shaped tlange, which has a center on a center axis of the
first pusher, and

wherein the second pusher has a curved portion where an
intermediate portion 1n a longitudinal direction thereof
1s curved or bent, and a portion of the second pusher
distal of the curved portion 1s parallel to the first pusher.

9. The syringe assembly according to claim 8, wherein a
radius of the operation section 1s smaller than a separated
distance between the center axis of the first pusher and a
center axis of the portion of the second pusher which 1is
located distally of the curved portion.

10. The syringe assembly according to claim 9, wherein
the portion of the second pusher which 1s located distally of
the curved portion 1s contained in the second syringe outer
cylinder when the second liquid discharge 1s completed.

11. The syringe assembly according to claim 8, wherein
the portion of the second pusher which 1s located distally of
the curved portion 1s contained in the second syringe outer

cylinder when the second liqud discharge 1s completed.
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